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– De Finetti [11]
Fenchel [10]
( $[4]_{\text{ }}$ [14] )
Arrow and Enthoven [1]
. $f$ : $X(\subset R^{n})arrow$
$f(x^{2})\geq f(x^{1})\Rightarrow f(\lambda_{X^{1}+}(1-\lambda)_{X^{2}})\geq f(x^{1})$ , $\forall x^{1},X^{2}\in X,$ $0<\forall\lambda<1$
$f$ $X$ (quasiconcave)
. $f$ : $X(\subset R^{n})arrow$
$f(x^{2})>f(x^{1})\Rightarrow f(\lambda x^{1}+(1-\lambda)X)2>f(x1)$ , $\forall x^{1},x^{2}\in X,$ $0<\forall\lambda<1$
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. $f$ : $X(\subset R^{n})arrow$
$\langle\xi, x-x^{0}\rangle\leq 0$ , $\forall x,$ $x^{0}\in X,$ $\xi\in\partial f(x)0\Rightarrow$ $f(x)\leq f(x^{0})$
$f$ $X$ (pseudoconcave)
. $f$ : $X$ ( $\subset$ n)\rightarrow R




1[1]. $f\text{ _{}+}^{n}$ $C^{2}$
$|H_{r}^{B}(x)|\equiv$
$f$ $|H_{r}^{B}(x)|$ $(-1)^{r}$
$x\in R_{+}^{ll}$ $r=1,$ $\ldots,$ $n$ $f$
$(-1)^{r}|H_{r^{B}}(x)|\geq 0$ $x\in R_{+}^{n}$
$r=1,$ $\ldots,$ $n$ I






$(\mathrm{C}\mathrm{P})$ . ( )
$C(w, y)=$ minimize $w^{T}x$
subject to $f(x)\geq y$ ,
$x\geq 0$ ,




( 1) $f$ : $\text{ _{}+}^{n}arrow$ $( \lim\sup_{karrow\infty^{f(}}X^{k})\leq f(\overline{x}))$
$(\mathrm{C}\mathrm{P})$
$f$ ( ) ( )




$C(w, y)$ for $w>0$
(2) $w$
$C(w^{1}, y)\leq C(w^{2}, y)$ for $0<w^{1}\leq w^{2}$
(3) $w$ –
$C(\lambda w, y)=\lambda C(w, y)$ , $\lambda>0$
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(4) $w$
$C(\lambda w^{1}+(1-\lambda)w^{2}, y)\geq\lambda C(w^{1}, y)+(1-\lambda)C(w^{2}, y)$ , $0<\forall\lambda<1$
(5) $y$





$C(w, y)arrow+\infty$ as $yarrow+\infty$
$C$ $w$ $\partial(\cdot)$
Clarke [7] – (generalized gradient) $\text{ }\partial^{C}(\cdot)$ [16]
(subgradient)
3 (Shephard ). $f$ ( 1)
$C$ $(\mathrm{C}\mathrm{P})$ $w^{*}\gg \mathrm{O},$ $y^{*}\in Y$ $x^{*}$ $(C\mathrm{P})$
$C$ $w^{*},$ $y^{*}$ $w$ –
$x^{*}\in\partial_{w}C(wy)*,*=-\partial_{w}^{C}(-C)(wy*,\star)$ (2.1)
$w=w^{*},$ $y=y^{*}$ $(C\mathrm{P})$ –
[ ] $f$ $C$ $w$
[5] Theorem 4.1 $x^{*}$ $(C\mathrm{P})$ $C(w^{*}, y^{*})=$
$w^{*}x^{*}= \min\tau\{w*\tau|xf(x)\geq y^{*}, x\geq 0\}$ $C$ $(w^{*}, y^{*})$ $w$
–
$x^{*}\in\partial_{w}C(w^{*}., y^{*})=-\partial^{C*}w(-^{c)}(w, y)*$
$x^{*}$ $w=w^{*},$ $y=y^{*}$ $(C\mathrm{P})$ – I
Shephard [17] –
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$x^{*}$ $w^{*}$ $C$ $x^{*}$
( 2) $f$ : $R_{+}^{n}arrow$
( 3) $f$ : $\text{ _{}+}^{n}arrow$ $x^{0}<x^{1}$ $f(x^{0})\leq f(x^{1})$
4[5]. $f$ $($ $-1)_{\text{ }}$ $($ $2)_{\text{ }}$ ( 3) $C(w, y)$ $\{w\in$
$R^{n}|w>0\}\cross Y=$ { $y\in$ |0 $\leq y<\overline{y}$ }
$f^{*}(x) \equiv\max\{y|yx\in w>>0\cap\{_{X|C}w^{T_{X}}\geq(w,y)\}\}$ (2.2)
$C^{0}(w, y)= \min_{x}\{w^{T}X|f*(x)\geq y, x\geq 0\}$




Arrow and Enthoven [1] –
(P) maximize $f(x)$
subject to $g_{i}(x)\geq 0$ , $i\in I\equiv\{1, \ldots, m\}$ ,
$x\geq 0$ ,
$f$ : $lR^{n}arrow$ $g_{i}$ : $\mathit{1}R^{n}arrow$ , $i=1,$ $\ldots.m\ovalbox{\tt\small REJECT}$
Gateaux
$f$
5[3]. $f$ $X$ $\langle a^{*},$ $y-$
$x\rangle<0,$ $\exists a^{*}\in\partial f(x)$ $f(z)\geq f(y),$ $\forall z\in[x, y],$ $\forall x,$ $y\in X$ I
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$N(C;\overline{x})\equiv$ { $v\in$ n $|\langle v,$ $x-\overline{x}\rangle\leq 0$ , $\forall x\in\tau(c;\overline{x})$ } (3.1)
$T_{i}(\overline{x}))T(\overline{x})$
$T_{i}(\overline{x})’\equiv\{\forall u\in lR^{n}|g_{i}’(\overline{X};u)\geq 0\}$ , (3.2)
$T(_{X}^{arrow}) \equiv\bigcap_{i\in I}(\overline{x})\tau \mathrm{i}(\overline{x})$,
$N_{i}(\overline{x}),$ $N(\overline{x})$
$N_{i}(\overline{x})\equiv$ { $v\in$ n $|\langle v,$ $x-\overline{x}\rangle\leq 0$ , $\forall x\in T_{i}(\overline{x})$ }, (3.3)
$N(\overline{x})\equiv-_{4\in I()}.\overline{x}N_{i}(\overline{x})$ ,
6. $g:\text{ _{}+}^{n}arrow lR^{m}$
$\partial g_{i}(_{\overline{X})}\subset-N_{i}(_{\overline{X})}$ (3.4)
[ ]





$(\lambda,\mu)$ { $(\lambda, \mu)=(0,0)$
(P) – Kuhn-Tucker
$(\mathrm{K}\mathrm{T})$
$0 \in\partial(f(_{X}.*)+\sum_{i\in I}\lambda*gii(x^{*}))-N(\text{ _{}+}.n; x^{*})$
,
$\lambda_{i}g_{i}(X^{*})=0$ , $i\in I$ ,
$\lambda_{i}^{*}\geq 0$ , $i\in I$ ,
$g_{i}(x^{*}.)\geq 0,$ $i\in I$ , $x^{*}\geq 0$ .
7. $0\not\in\partial f(x^{*})$ $(C\mathrm{Q})$ $x^{*},$ $\lambda^{*}$
$(\mathrm{K}\mathrm{T})$ $\exists a\in\partial f(x)*,$ $\forall y-x^{*}\in T(x^{\star}),$ $y\in R^{n}+$
$\langle a, y-x^{*}\rangle\leq 0$
[ ] $(C\mathrm{Q})$ $(\mathrm{K}\mathrm{T})$
$\langle N(R_{+}n; x*), y-X^{*}\rangle=\langle a\dashv-\xi, y-x\rangle*$ , $\forall y-x^{*}\in T(x^{*}),$ $y\in \text{ _{}+}^{n}$
$\exists a\in\partial f(x)*,$ $\exists\xi\in\Sigma\lambda_{i}^{*}\partial g_{i}(x^{*})$ 6
$\langle a,y-x^{*}\rangle\leq 0$ , $\forall y-x^{*}\in T(x^{*}),$ $y\in R_{+}^{n}$
$\circ$ I
8. $f$ : $R_{+}^{n}arrow$ $g:R_{+}^{n}arrow lR^{m}$
$(\mathrm{C}\mathrm{Q})$
$x^{*},$
$\lambda^{*}$ $(\mathrm{K}\mathrm{T})$ - :
$.(\mathrm{a})$ $\mathrm{o}\not\in\partial f(x^{*})\text{ }$
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(b) $f$
$x^{*}$ $g(x)\geq 0,$ $x\geq 0$ $f(x)$
[ $\text{ }-$]
(a). $0\not\in\partial f(x^{*})$ $(C\mathrm{O}.)$ 6 7 $\langle a,$ $y-$
$x^{*}\rangle\leq 0,$ $\forall y-x^{*}\in T(x^{*}),$ $y\in R_{+}^{n}$
$f(x^{*})\geq f(y)$








9. $g:R_{+}^{n}arrow \mathit{1}R^{m}$ $x’,\overline{x}\geq 0$
$g(x’)>0,$ $g(\overline{x})\geq 0$ $j\in I(\overline{x})=\{i\in I|g_{i}(\overline{x})=0\}$
$0\not\in\partial g_{j}(\overline{x}),$ $j\in I(\overline{x})$
$g(x)$




10. $g:R_{+}^{n}arrow lR^{m}$ $x’,\overline{x}\geq 0$




[ ] $g_{j}$ 9 I




maximlze $u(x_{1,2}x) \equiv\min\{u_{1}(X1, x_{2}), u_{2}(X_{1}, X_{2})\}$
subject to $\langle p, x\rangle\leq I$ ,
$x\geq 0$ ,
$u_{i}(x_{1,2}x)=x_{1}^{\alpha i}x^{\beta_{i}}2’\alpha_{i}+\beta_{i}=1,$ $\alpha_{i}>0_{:}\beta_{i}>0,$ $i=1,2,$ $\alpha_{1}\geq\alpha_{2}$
Cobb-Douglas $u$
.
$p_{2}/p_{1}<\beta_{1}/\alpha_{1}$ $(x_{1}, x)i:*2\tau_{=}((\alpha_{1}/p_{1})I, (\beta_{1}/p_{2})I)^{\tau},$ $\partial u(X_{1}, X_{2}**)=\nabla u(X_{1}^{**}, X_{2})=$
$(\alpha_{1\beta_{1}}^{\alpha_{1}}\beta_{1}(p1/p_{2})\beta 1,\alpha a_{1}\beta 11\beta_{1}(p2/p_{1})\alpha 1)^{T}$ ,
$\beta_{1}/\alpha_{1}\leq p_{2}/p_{1}\leq\beta_{2}/\alpha_{2}$ $(x_{1}^{**},x_{2})^{\tau}=(I/(p_{1}+p_{2}), I/(p_{1}+p_{2}))^{T}$ ,
$\partial u(x_{1}^{**}, X_{2})=$ conv $\{(\alpha_{1}, \beta_{1})T, (\alpha_{2}, \beta_{2})T\}$ ,
$\beta_{2}/\alpha_{2}<p_{2}/p1$ $(x_{1)}^{**}x_{2})\tau=((\alpha_{2}/p_{1})I, (\beta_{2}./P2)I)^{\tau*},$$\partial u(X^{**}x1’ 2)=\nabla u(xX^{*})1’ 2=$
$(\alpha_{2^{2}}^{\alpha}\beta_{2}^{\beta 2}(p1/p_{2})^{\beta_{2}}, \alpha_{2}\alpha_{2}\beta 2(\beta 2p2/p_{1})^{\alpha_{2}})^{T}$.
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